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DYNAMIC FLOW CONTROL IN
MULTICAST SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of and claims
priority to U.S. patent application Ser. No. 13/663,500,
entitled “Dynamic Flow Control in Multicast Systems”,
currently abandoned, which, in turn, 1s a continuation-in-
part ol and claims priority to U.S. patent application Ser. No.
13/346,74°7, entitled “Dynamic Mapping in a Multicasting
Environment”, currently 1ssued as U.S. Pat. No. 8,750,131.
The entirety of both applications are incorporated by refer-
ence herein.

BACKGROUND

The disclosed subject matter relates generally to optimiz-
ing data dissemination in a communication environment,
and, more particularly, to a system and method for dynami-
cally controlling the data dissemination flow rates and
mappings 1 a multicasting system.

Multicasting environments provide means to disseminate
content related to a great variety of topics to multitudes of
subscribers. The content of each topic 1s delivered over an
information flow, where each flow 1s associated with one or
more multicast groups. Multicast groups may be deployed
over systems with finite resources. Thus, the number of
flows may be considerably larger than the number of groups
with multiple flows transmitted over a single group. To
manage the relationships between tflows and groups, a map-
ping scheme 1s used.

Referring to FIG. 1, as an example, flows F1, F2, .. ., FK
are mapped to multicast groups G1, G2, . . ., GM 1n order
to be transmitted to multiple users Ul, U2, . . . , UN,
according to the users’ interest and subscriptions to different
flows. In a large-scale multicast system, the rate of flows will
likely vary during deployment. Since each user has a limited
reception rate capacity, the rate of each flow may be adjusted
and controlled so that users’ capacity constraints are not
violated both during a fixed mapping of flows to groups and
following a change in flow to group mapping.

Setting the rate limits of different flows typically depends
on dynamic factors such as the current mapping, users’
reception rate capacities, flow priorities and tlow rate pro-
files. Some of these factors are aflected by remapping which
occurs for example due to change 1n interests and change of
flows rates. Since a multicast system continually evolves
due to changes 1n user subscription and system resources,
the flow mappings and flow rates continuously require
adjustment. As the adjustments take place, 1t 1s important for
the system to remain optimized.

BRIEF SUMMARY

For purposes of summarizing, certain aspects, advantages,
and novel features have been described herein. It 1s to be
understood that not all such advantages may be achieved in
accordance with any one particular embodiment. Thus, the
disclosed subject matter may be embodied or carried out 1n
a manner that achieves or optimizes one advantage or group
of advantages without achieving all advantages as may be
taught or suggested herein.

Embodiments of the present invention disclose a method,
computer program product, and system for enhancing per-
formance in a multicasting system. Flow rates 1 a multi-
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2

casting system are monitored as system characteristics
change over time, wherein the multicasting system 1s oper-
ated based on a first mapping between a plurality of data
flows and multicasting groups, wherein data 1s disseminated
by way of the mapping to subscribers to one or more of the
data flows. The flow rate thresholds of satisfied tlows are
decreased so as to minimize the difference between the tlow
rate thresholds and respective target transmaission rates of the
satisfied flows, as the system’s feasible data transmission
workload 1s maintained with respect to subscriber reception
rate capacities. The tlow rate thresholds of unsatisfied flows
are mcreased so as to mimimize the difference between the
flow rate threshold and respective target transmission rates
for the unsatisfied flows and to limit occurrences of data
transmission delays or losses, as the system’s feasible data
transmission workload 1s maintained with respect to sub-
scriber reception rate capacities.

One or more of the above-disclosed embodiments 1n
addition to certain alternatives are provided 1n turther detail
below with reference to the attached figures. The disclosed
subject matter 1s not, however, limited to any particular
embodiment disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosed embodiments may be better understood by
referring to the figures 1n the attached drawings, as provided
below.

FIG. 1 illustrates an exemplary multicasting environment
in accordance with one or more embodiments, wherein a
plurality of topic tlows are mapped to a plurality of groups
and subscribers.

FIG. 2 1s a flow diagram of a flow control unit, in
accordance with one embodiment.

FIG. 3 1s an exemplary flow chart of a phase of an
optimization process in a multicasting environment, 1in
accordance with one embodiment.

FIG. 4 1s an exemplary flow chart of another phase of an
optimization process 1n a multicasting environment, 1in
accordance with one embodiment.

FIGS. 5 and 6 illustrate a block diagram for a dynamic run
of the different phases of the optimization process shown 1n
FIGS. 3 and 4, 1in accordance with one embodiment.

FIGS. 7A and 7B are block diagrams of hardware and
soltware environments in which the disclosed systems and
methods may operate, in accordance with one or more
embodiments.

Features, elements, and aspects that are referenced by the
same numerals 1 different figures represent the same,
equivalent, or similar features, elements, or aspects, 1n
accordance with one or more embodiments.

DETAILED DESCRIPTION

In the following, numerous specific details are set forth to
provide a thorough description of various embodiments.
Certain embodiments may be practiced without these spe-
cific details or with some variations in detail. In some
instances, certain features are described 1n less detail so as
not to obscure other aspects. The level of detail associated
with each of the elements or features should not be construed
to qualify the novelty or importance of one feature over the
others.

Referring to FIG. 1, 1n a multicasting environment, the
flow rate refers to the average rate of the flow (e.g., F1) over
a course of time. As such, a higher flow rate indicates that
more content 1s being delivered per unit of time and that
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more bandwidth 1s being used by the flow. Referring to FIG.
2, flow rate control may be achieved by way of a monitoring
mechanism (e.g., a flow control umt 200) that, for a tlow,
provides the rate of the outgoing traflic based on certain
factors including the incoming traflic sustained rate, and
burst size.

Depending on implementation, the flow control unit 200
may monitor, limit and adjust the rate at which data 1s
published for each flow 1n the system, such that a feasible
workload 1s maintained for the system. Flow control umit
200 may be configured to calculate the average rate of the
flow as well as the rate variance based on the history of the
flow behavior as recorded by the flow’s publisher, for
example. A target rate for a flow may thus be calculated
based on the average rate of the tlow plus a vanability
margin deduced from 1ts rate variance. Flow control unit 200
may also control and set the rate limit at which data may be
published for each flow, such that the multicast system
maintains a feasible workload.

Feasibility 1n a multicast system refers to the ability to
maintain a dissemination workload, where reception capac-
ity constraints for the subscribers are not violated and a
subscriber recerves a flow without substantial delay or loss.
To avoid delay or loss, traflic statistics may be collected to
determine whether suflicient bandwidth 1s allocated to a
flow. Flows with peak rates higher than their maximum
allowed rate (1.e., threshold flow rate) are 1dentified by, for
example, the flow control unit 200 tracking the length of the
respective transmission butlering queues. It the correspond-
ing queues are substantially long, flow rate or bandwidth
adjustment may be needed.

It the bandwidth allocated to a flow 1s suilicient to allow
the data to be transmitted to the targeted multicasting groups
(and ultimately the subscribers) without any substantial
delay or data loss, then the flow 1s deemed to be satistied. If
the data transmission 1s delayed or data loss occurs as the
result of extensive bullering (i.e., because suflicient trans-
mission bandwidth 1s not available or allocated to a tlow),
then the flow 1s deemed unsatisfied. Certain flows that
require rates lower than their flow rate threshold, but expe-
rience some builering may be referred to as sem satisfied
and ordered according to the length of their buflered data, for
example.

During a multicasting operation, each flow in the system
may be monitored and designated as having a threshold flow
rate that indicates the maximum allowed transmission rate
for that flow depending on system constraints and users’
reception rate capacities. The maximum allowed transmis-
sion rate or threshold flow rate thus refer to the upper rate
limit for a flow. In the following a mapping solution 1is
provided that helps find a mapping that i1s feasible for the
multicast system workload with respect to the flows rate
thresholds taking into account to the subscribers’ reception
rate capacities.

In accordance with one implementation, to avoid data loss
or unacceptable levels of delay in multicasting, a resource
reallocation process and, where needed, threshold flow rate
adjustment and/or a tlow remapping approach may be imple-
mented, as provided in further detail below. In one aspect,
optionally, no remapping of the multicasting groups 1is
performed, unless the resource reallocation approach or
threshold flow rate adjustment do not sutliciently ameliorate
the respective flow rate deficiencies 1n the multicasting
system.

Referring to FIGS. 2 and 3, in one embodiment, a flow
control unit 200 may be utilized to monitor the flow rates for
different flows 1n a multicasting system (5310). For satisfied
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4

flows that are determined to have a lower flow rate (e.g.,
based on historic or empirical data analysis) than the thresh-
old flow rate previously assigned to them, attempts may be
made to decrease their respective threshold flow rates
(S320). Decreasing the threshold flow rate for the satisfied
flows may help provide additional transmission bandwidth
in the system as a whole, because eflectively the previously
assigned bandwidth that was not being fully utilized will
become available for use by other tlows.

If the above-noted decrease 1n the assigned threshold flow
rate for the satisfied flows provides additional bandwidth in
the system, or regardless 11 additional bandwidth 1s available
in the system, 1in one embodiment, attempts may be made to
increase the threshold flow rate assigned to unsatisfied (or
semi satisfied) flows (S330), 1t it 1s determined that there 1s
no collateral violation of the other constraints 1n the multi-
casting system. As such, unsatisfied or semi-satisfied tlows
would benefit from a higher flow rate than what has been
previously assigned to or allowed for such unsatisfied flows.

Constraints that may be mnadvertently aflected, as a result
of increasing the threshold flow rate for one or more
unsatisiied tlows, relate to the reception rate constraints for
the subscribers to a tflow. The threshold flow rate increase
may, for example, overwhelm a subscriber to a point that the
subscriber 1s unable to process the increased level of data
flow directed to a multicast group to which 1t subscribes. The
inability to process the increased data flow level may be due
to the subscriber’s limited capacity to bufler and filter
unwanted flows provided via the multicast group. If a
subscriber 1s unable to process the increased data flow
properly, then a constraint violation i1s deemed to have
occurred.

Depending on implementation, the tflow rate adjustments
(1.e., etther the increase or the decrease in the flow rate
threshold) may be performed gradually by way incremental
increases or decreases in the corresponding flow rates. At
cach increment, the eflects of the adjustment on the sub-
scribers and multicast groups may be evaluated or re-
evaluated, until optimization 1s achieved. FIG. 3 does not
illustrate incremental adjustments. However, in one embodi-
ment, 1f unsatisfied flows remain, the system may revert
back to S320 or S330 until no further adjustments are
possible, or 1t 1s determined that additional adjustments are
not beneficial any further or result 1n violation of system
constraints.

In certain embodiments, 1f the flow rate adjustments 1n the
first phase 1llustrated 1n FIG. 3 do not adequately resolve the
transmission loss or delay (1.e., 1f unsatisfied flows remain
(5340)), then a second approach may be considered. Refer-
ring to FIG. 4, 1n a second phase, a proposed mapping (1.¢.,
a “virtual remapping”) of the groups 1n the multicast envi-
ronment 1s contemplated (5410). The virtual remapping 1s
calculated prior to enforcing the proposed mapping to target
multicasting groups such that the effects of a newly calcu-
lated remapping may be virtually determined, prior to com-
mitting the new mapping.

If the virtual remapping results indicate that a new map-
ping may lead to the increase of threshold flow rate for some
flows (5420) without violating subscriber’s reception rate
constraints, then 1t 1s determined whether further wvirtual
remapping 1s needed to satisty the needs of some remaining
unsatisiied flows (5430). If so, another virtual remapping
may be calculated (S410), and the virtual remapping process
may continue until one or more flows are deemed satisfied,
or until 1t 1s determined that additional virtual remapping
will have no further positive effect on the remaining unsat-
isfied tlows.
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Thereafter, the virtual remapping results may be analyzed
to determine how to best transition the multicasting system
into one or more calculated virtual mappings 1n one or more
steps, and desirably 1n a minimum number of steps (S440).
The transition may thus be performed 1n one or more steps,
with each step being analyzed to determine if any system
constraints are violated. Remaps may be performed sequen-
tially, according to the order of calculation resulting 1n the
updating of threshold flow rates for one or more flows
according to the calculated virtual mappings (S450).

It 1s noteworthy that, 1n one embodiment, the rates are
increased virtually at each virtual mapping and thus the
actual rate increases are performed after the last virtual
mapping 1s computed and the transition to the last virtual
mapping 1s performed. The transition to the last virtual
mapping 1s the real transition taking place at the end of the
process, as until that time the calculated re-mappings are
virtual 1n nature and were not actually performed Note that,
depending on implementation, before the transition, the rate
increases are not supported by the current mapping in the
event of occurrence of violations.

It 1s further noteworthy that the move from a current
mapping to a final virtual mapping may not simply take
place 1n a single transition, since it 1s not clear what would
happen during each individual transition (1.e., when viola-
tions could occur). However, a sequential or incremental
transition based on the calculated virtual mappings would be
teasible (as transition was taken into account during calcu-
lations). Thus, 1n one embodiment, 1t 1s desirable to find the
mimmum sequence of transitions that are needed for a
proper transitioning to the final virtual mapping.

It 1s noteworthy that 1n the second phase, 1f none of the
contemplated virtual maps allow for more rate increases
without violating systems constraints, then 1t may be deter-
mined that it 1s not worthwhile to perform the re-mapping
and further processing under the second phase may be
aborted. It 1s further noteworthy that the application of the
methods and processes, disclosed 1n the first and second
phases, may be 1n a different order than that disclosed herein.
For example, referring to FIGS. 5 and 6, the process
disclosed 1n the first phase may be applied to data tlows that
are deemed unsatisfied, and then the same or similar process
may be applied to data flows that are deemed semi satisfied.

In the above disclosure, an exemplary optimization
scheme 1n accordance with one or more embodiments 1s
provided. In one exemplary embodiment, a multicasting
model and a remapping algorithm 1n addition to one or more
methods for calculating the associated costs may be imple-
mented. It 1s noteworthy that the detailed features disclosed
are by way of example and should not be construed as
limiting the scope of the claimed subject matter to the
particular details. Such details are provided to help better
understand the underlying features and elements.

References 1n this specification to “an embodiment”, “one
embodiment”, “one or more embodiments” or the like, mean
that the particular element, feature, structure or characteris-
tic being described 1s included 1n at least one embodiment of
the disclosed subject matter. Occurrences of such phrases in
this specification should not be particularly construed as
referring to the same embodiment, nor should such phrases
be mterpreted as referring to embodiments that are mutually
exclusive with respect to the discussed features or elements.

In different embodiments, the claimed subject matter may
be implemented as a combination of both hardware and
soltware elements, or alternatively either entirely 1n the form
of hardware or entirely in the form of software. Further,
computing systems and program software disclosed herein
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may comprise a controlled computing environment that may
be presented in terms of hardware components or logic code
executed to perform methods and processes that achieve the
results contemplated herein. Said methods and processes,
when performed by a general purpose computing system or
machine, convert the general purpose machine to a specific
purpose machine.

Referring to FIGS. 7A and 7B, a computing system
environment 1n accordance with an exemplary embodiment
may be composed of a hardware environment 1110 and a
software environment 1120. The hardware environment
1110 may comprise logic units, circuits or other machinery
and equipments that provide an execution environment for
the components of software environment 1120. In turn, the
solftware environment 1120 may provide the execution
instructions, including the underlying operational settings
and configurations, for the various components of hardware
environment 1110.

Referring to FIG. 7A, the application software and logic
code disclosed herein may be implemented 1n the form of
machine readable code executed over one or more comput-
ing systems represented by the exemplary hardware envi-
ronment 1110. As illustrated, hardware environment 110
may comprise a processor 1101 coupled to one or more
storage elements by way of a system bus 1100. The storage
clements, for example, may comprise local memory 1102,
storage media 1106, cache memory 1104 or other machine-
usable or computer readable media. Within the context of
this disclosure, a machine usable or computer readable
storage medium may include any recordable article that may
be utilized to contain, store, communicate, propagate or
transport program code.

A computer readable storage medium may be an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor medium, system, apparatus or device. The com-
puter readable storage medium may also be implemented in
a propagation medium, without limitation, to the extent that
such implementation 1s deemed statutory subject matter.
Examples of a computer readable storage medium may
include a semiconductor or solid-state memory, magnetic
tape, a removable computer diskette, a random access
memory (RAM), a read-only memory (ROM), a rngid mag-
netic disk, an optical disk, or a carrier wave, where appro-
priate. Current examples of optical disks include compact
disk, read only memory (CD-ROM), compact disk read/
write (CD-R/W), digital video disk (DVD), high definition
video disk (HD-DVD) or Blue-ray™ disk.

In one embodiment, processor 1101 loads executable code
from storage media 1106 to local memory 1102. Cache
memory 1104 optimizes processing time by providing tem-
porary storage that helps reduce the number of times code 1s
loaded for execution. One or more user interface devices
1105 (e.g., keyboard, pointing device, etc.) and a display
screen 1107 may be coupled to the other elements 1n the
hardware environment 1110 either directly or through an
intervening I/O controller 1103, for example. A communi-
cation interface unit 1108, such as a network adapter, may be
provided to enable the hardware environment 1110 to com-
municate with local or remotely located computing systems,
printers and storage devices via intervening private or public
networks (e.g., the Internet). Wired or wireless modems and
Ethernet cards are a few of the exemplary types of network
adapters.

It 1s noteworthy that hardware environment 1110, in
certain 1implementations, may not include some or all the
above components, or may comprise additional components
to provide supplemental functionality or utility. Depending
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on the contemplated use and configuration, hardware envi-
ronment 1110 may be a machine such as a desktop or a
laptop computer, or other computing device optionally
embodied 1n an embedded system such as a set-top box, a
personal digital assistant (PDA), a personal media player, a
mobile communication unit (e.g., a wireless phone), or other
similar hardware platforms that have information processing
or data storage capabilities.

In some embodiments, communication interface 1108 acts
as a data communication port to provide means of commu-
nication with one or more computing systems by sending,
and recerving digital, electrical, electromagnetic or optical
signals that carry analog or digital data streams representing
various types of information, including program code. The
communication may be established by way of a local or a
remote network, or alternatively by way of transmission
over the air or other medium, including without limitation
propagation over a carrier wave.

As provided here, the disclosed software elements that are
executed on the illustrated hardware elements are defined
according to logical or functional relationships that are
exemplary in nature. It should be noted, however, that the
respective methods that are implemented by way of said
exemplary software elements may be also encoded 1n said
hardware elements by way of configured and programmed
processors, application specific itegrated circuits (ASICs),
field programmable gate arrays (FPGAs) and digital signal
processors (DSPs), for example.

Referring to FIG. 7B, software environment 1120 may be
generally divided imto two classes comprising system sofit-
ware 1121 and application software 1122 as executed on one
or more hardware environments 1110. In one embodiment,
the methods and processes disclosed here may be imple-
mented as system software 1121, application software 1122,
or a combination thereof. System software 1121 may com-
prise control programs, such as an operating system (OS) or
an information management system, that instruct one or
more processors 1101 (e.g., microcontrollers) in the hard-
ware environment 1110 on how to function and process
information. Application software 1122 may comprise but 1s
not limited to program code, data structures, firmware,
resident software, microcode or any other form of informa-
tion or routine that may be read, analyzed or executed by a
processor 1101.

In other words, application software 1122 may be imple-
mented as program code embedded 1n a computer program
product 1n form of a machine-usable or computer readable
storage medium that provides program code for use by, or 1n
connection with, a machine, a computer or any instruction
execution system. Moreover, application software 1122 may
comprise one or more computer programs that are executed
on top of system software 1121 after being loaded from
storage media 1106 into local memory 1102. In a client-
server architecture, application software 1122 may comprise
client software and server software. For example, in one
embodiment, client software may be executed on a client
computing system that 1s distinct and separable from a
server computing system on which server software 1s
executed.

Software environment 1120 may also comprise browser
software 1126 for accessing data available over local or
remote computing networks. Further, software environment
1120 may comprise a user nterface 1124 (e.g., a graphical
user intertace (GUI)) for receiving user commands and data.
It 1s worthy to repeat that the hardware and software
architectures and environments described above are for
purposes of example. As such, one or more embodiments
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may be implemented over any type ol system architecture,
functional or logical platform or processing environment.

It should also be understood that the logic code, programs,
modules, processes, methods and the order in which the
respective processes of each method are performed are
purely exemplary. Depending on implementation, the pro-
cesses or any underlying sub-processes and methods may be
performed 1n any order or concurrently, unless indicated
otherwise 1n the present disclosure. Further, unless stated
otherwise with specificity, the definition of logic code within
the context of this disclosure 1s not related or limited to any
particular programming language, and may comprise one or
more modules that may be executed on one or more pro-
cessors 1n distributed, non-distributed, single or multipro-
cessing environments.

As will be appreciated by one skilled 1n the art, a software
embodiment may include firmware, resident software,
micro-code, etc. Certain components including software or
hardware or combining software and hardware aspects may
generally be referred to herein as a “circuit,” “module™ or
“system.” Furthermore, the subject matter disclosed may be
implemented as a computer program product embodied 1n
one or more computer readable storage medium(s) having
computer readable program code embodied thereon. Any
combination of one or more computer readable storage
medium(s) may be utilized. The computer readable storage
medium may be a computer readable signal medium or a
computer readable storage medium. A computer readable
storage medium may be, for example, but not limited to, an
clectronic, magnetic, optical, electromagnetic, inirared, or
semiconductor system, apparatus, or device, or any suitable
combination of the foregoing.

In the context of this document, a computer readable
storage medium may be any tangible medium that can
contain, or store a program for use by or in connection with
an 1nstruction execution system, apparatus, or device. A
computer readable signal medium may include a propagated
data signal with computer readable program code embodied
therein, for example, in baseband or as part of a carrier wave.
Such a propagated signal may take any of a variety of forms,
including, but not limited to, electro-magnetic, optical, or
any suitable combination thereof. A computer readable sig-
nal medium may be any computer readable medium that 1s
not a computer readable storage medium and that can
communicate, propagate, or transport a program for use by
or 1n connection with an istruction execution system,
apparatus, or device.

Program code embodied on a computer readable storage
medium may be transmitted using any appropriate medium,
including but not limited to wireless, wireline, optical fiber
cable, RF, etc., or any suitable combination of the foregoing.
Computer program code for carrying out the disclosed
operations may be written 1 any combination of one or
more programming languages, including an object oriented
programming language such as Java, Smalltalk, C++ or the
like and conventional procedural programming languages,
such as the “C” programming language or similar program-
ming languages.

The program code may execute entirely on the user’s
computer, partly on the user’s computer, as a stand-alone
soltware package, partly on the user’s computer and partly
on a remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
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external computer (for example, through the Internet using
an Internet Service Provider).

Certain embodiments are disclosed with reference to
flowchart illustrations or block diagrams of methods, appa-
ratus (systems) and computer program products according to
embodiments. It will be understood that each block of the
flowchart 1llustrations or block diagrams, and combinations
of blocks 1n the flowchart illustrations and/or block dia-
grams, can be implemented by computer program instruc-
tions. These computer program instructions may be pro-
vided to a processor of a general purpose computer, a special
purpose machinery, or other programmable data processing
apparatus to produce a machine, such that the instructions,
which execute via the processor of the computer or other
programmable data processing apparatus, create means for
implementing the functions or acts specified 1n the tlowchart
or block diagram block or blocks.

These computer program instructions may also be stored
in a computer readable storage medium that can direct a
computer, other programmable data processing apparatus, or
other devices to function 1n a particular manner, such that the
istructions stored 1n the computer readable storage medium
produce an article of manufacture including instructions
which implement the function or act specified in the tlow-
chart or block diagram block or blocks.

The computer program instructions may also be loaded
onto a computer, other programmable data processing appa-
ratus, or other devices to cause a series of operational steps
to be performed on the computer, other programmable
apparatus or other devices to produce a computer or machine
implemented process such that the instructions which
execute on the computer or other programmable apparatus
provide processes for implementing the functions or acts
specified 1n the flowchart or block diagram block or blocks.

The flowchart and block diagrams 1n the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer pro-
gram products according to various embodiments. In this
regard, each block in the flowchart or block diagrams may
represent a module, segment, or portion of code, which
comprises one or more executable instructions for imple-
menting the specified logical functions. It should also be
noted that, 1n some alternative implementations, the func-
tions noted 1n the block may occur 1n any order or out of the
order noted 1n the figures.

For example, two blocks shown 1n succession may, in
fact, be executed substantially concurrently, or the blocks
may sometimes be executed 1n the reverse order, depending,
upon the functionality mvolved. It will also be noted that
cach block of the block diagrams or flowchart illustration,
and combinations of blocks 1n the block diagrams or tlow-
chart illustration, may be implemented by special purpose
hardware-based systems that perform the specified functions
or acts, or combinations of special purpose hardware and
computer instructions.

The claimed subject matter has been provided here with
reference to one or more features or embodiments. Those
skilled 1n the art will recognize and appreciate that, despite
of the detailed nature of the exemplary embodiments pro-
vided here, changes and modifications may be applied to
said embodiments without limiting or departing from the
generally intended scope. These and various other adapta-
tions and combinations of the embodiments provided here
are within the scope of the disclosed subject matter as
defined by the claims and their full set of equivalents.
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What 1s claimed 1s:
1. A computer-implemented method for enhancing per-
formance 1n a multicasting system, the method comprising:
monitoring, by a computer, data flow rates 1n a multicast-
ing system as system characteristics change over time,
wherein the multicasting system 1s operating based on
a 1irst mapping between a plurality of data flows and
multicasting groups, wherein data 1s disseminated by
way of the mapping to subscribers to one or more of the
data flows;
decreasing, by the computer, flow rate thresholds of
satisfied flows so as to minimize the difference between
the flow rate thresholds and respective target transmis-
sion rates of the satisfied flows, as the system’s feasible
data transmission workload 1s maintained with respect
to subscriber reception rate capacities, wherein a flow
1s deemed satisfied when bandwidth allocated to the
flow 1s suflicient to allow the data to be transmitted

without any substantial delay or data loss;
increasing, by the computer, flow rate thresholds of unsat-

isfied tlows so as to mimimize the difference between
the flow rate threshold and respective target transmis-
sion rates for the unsatisfied flows and to limit occur-
rences of data transmission delays or losses, as the
system’s feasible data transmission workload 1s main-
taimned with respect to subscriber reception rate capaci-
ties, wherein a flow 1s deemed unsatisfied when data
transmission 1s delayed or data loss occurs;

calculating a proposed mapping prior to enforcing the
proposed mapping so that eflects may be virtually
determined and incrementally remapping, by the com-
puter the data flows using at least a second mapping
according to the proposed mapping calculated 1n
response to determining, by the computer, that at least
one flow remains with a target flow higher than the
respective flow rate threshold for the flow; and

performing, by the computer, a system transition from the
first mapping to the second mapping 1n a minimum
number of steps, each step being analyzed to determine
if any system constraints are violated, wherein at least
another mapping 1s calculated as a part of the incre-
mental virtual remapping between the first mapping
and the second mapping and the constraints of the
multicasting system relate to one of overhead associ-
ated with data filtering, user reception rates, and flow
rate thresholds.

2. The method of claim 1 wherein the system transition 1s
performed taking into account maintaining a feasible data
transmission for the multicasting system’s workload during
transition.

3. The method of claim 1 wherein the system transition 1s
performed taking into account subscriber reception rate
capacities 1n the multicasting system during transition.

4. The method of claim 1 further comprising incremen-
tally updating, by the computer, flow rate thresholds accord-
ing to the virtually computed remapping.

5. The method of claim 1 wherein the monitoring con-
tinues to determine which flows’ target tlow rates are lower
than the respective threshold flow rate determined for a tlow.

6. The method of claim 1 wherein a subscriber’s reception
rate capacity 1s determined based on level of resources
allocated to the subscriber for processing data transmitted to
the subscriber from the multicast groups to which the
subscriber has subscribed.

7. A computer system for enhancing performance in a
multicasting environment, the computer system comprising;:

one or more computer processors, one or more computer-

readable storage media, and program 1nstructions
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stored on one or more of the computer-readable storage
media for execution by at least one of the one or more
processors, the program instructions comprising:
program 1nstructions to monitor data flow rates in a
multicasting system as system characteristics change
over time, wherein the multicasting system 1s operating
based on a first mapping between a plurality of data
flows and multicasting groups, wherein data 1s dissemi-
nated by way of the mapping to subscribers to one or
more of the data flows:
program 1instructions to decrease tlow rate thresholds of
satisfied tlows so as to minimize the difference between
the flow rate thresholds and respective target transmis-
s1on rates of the satisfied flows, as the system’s feasible
data transmission workload 1s maintained with respect
to subscriber reception rate capacities, wherein tlows
are deemed satisfied when bandwidth allocated to the
flow 1s suflicient to allow the data to be transmitted
without any substantial delay or data loss;
program 1nstructions to increase tlow rate thresholds of
unsatisfied flows, so as to minimize the difference
between the flow rate threshold and respective target
transmission rates for the unsatisfied flows and to limit
occurrences of data transmission delays or losses, as
the system’s feasible data transmission workload 1is
maintained with respect to subscriber reception rate
capacities, wherein flows are deemed unsatisfied when
data transmission 1s delayed or data loss occurs;

program 1nstructions to calculate a proposed mapping
prior to enforcing the proposed mapping so that eflects
may be virtually determined and incrementally remap
the data flows using at least a second mapping accord-
ing to the proposed mapping calculated 1n response to
determining that at least one tlow remains with a target
flow rate higher than the respective tlow rate threshold
for the flow:; and

program instructions to perform a system transition from

the first mapping to the second mapping 1n a minimum
number of steps, each step being analyzed to determine
iI any system constraints are violated, wherein at least
another mapping 1s calculated as a part of the incre-
mental virtual remapping between the first mapping
and the second mapping and the constraints of the
multicasting system relate to one of overhead associ-
ated with data filtering, user reception rates, and flow
rate thresholds.

8. The computer system of claim 7 wherein the system
transition 1s performed taking into account maintaining a
feasible data transmission for the multicasting system’s
workload during transition.

9. The computer system of claim 7 wherein the system
transition 1s performed taking into account subscriber recep-
tion rate capacities 1n the multicasting system during tran-
sitiomn.

10. A computer program product for enhancing pertor-
mance 1n a multicasting environment, the computer program
product comprising:
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one or more computer-readable non-transitory storage
media and program instructions stored on the one or
more computer-readable storage media, the program
instructions comprising;
program 1nstructions to monitor data flow rates in a
multicasting system as system characteristics change
over time, wherein the multicasting system 1s operating
based on a first mapping between a plurality of data
flows and multicasting groups, wherein data 1s dissemi-
nated by way of the mapping to subscribers to one or
more of the data flows:
program 1nstructions to decrease tlow rate thresholds of
satisfied tlows so as to minimize the difference between
the flow rate thresholds and respective target transmis-
s1on rates of the satisfied flows, as the system’s feasible
data transmission workload 1s maintained with respect
to subscriber reception rate capacities, wherein tlows
are deemed satisfied when bandwidth allocated to the
flow 1s suflicient to allow the data to be transmitted
without any substantial delay or data loss;
program 1nstructions to increase flow rate thresholds of
unsatisfied flows so as to minimize the difference
between the flow rate threshold and respective target
transmission rates for the unsatisfied tlows and to limat
occurrences ol data transmission delays or losses, as
the system’s feasible data transmission workload 1s
maintained with respect to subscriber reception rate
capacities, wherein flows are deemed unsatisfied when
data transmission 1s delayed or data loss occurs;

program 1nstructions to calculate a proposed mapping
prior to enforcing the proposed mapping so that eflects
may be virtually determined and incrementally remap
the data flows using at least a second mapping accord-
ing to the proposed mapping calculated 1n response to
determining that at least one flow remains with a target
flow rate higher than the respective tlow rate threshold
for the flow; and

program instructions to perform a system transition from

the first mapping to the second mapping 1n a minimum
number of steps, each step being analyzed to determine
iI any system constraints are violated, wherein at least
another mapping 1s calculated as a part of the incre-
mental virtual remapping between the first mapping
and the second mapping and the constraints of the
multicasting system relate to one of overhead associ-
ated with data filtering, user reception rates, and flow
rate thresholds.

11. The computer program product of claim 10 wherein
the system transition 1s performed taking into account main-
tamning a feasible data transmission for the multicasting
system’s workload during transition.

12. The computer program product of claim 10 wherein
the system transition 1s performed taking into account sub-
scriber reception rate capacities in the multicasting system
during transition.
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